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ABSTRAK 
Kilat merupakan suatu fenomena yang berlaku di atas kawasan atmosfera.  Kejadian 
cahaya transien merupakan satu jenis kejadian kilat yang melebihi kelajuan kilauan 
kilat dalam suatu kejadian rebut petir.  Ia adalah kejadian yang sukar dilihat dan 
berlaku dalam masa yang singkat.  Maka, suatu alat foto dengan kadar bingkai tinggi 
adalah diperlukan.  Projek ini mengkaji tentang kebarangkalian berlakunya kejadian 
transien cahaya di sekelilingi Universiti Malaysia Pahang (UMP) Kampus Pekan 
dengan menggunakan alat yang ringkas dan sesuai untuk mengesan kejadian ini.  
Fenomena cahaya transien terbahagi kepada beberapa jenis seperti “Elves”, “Sprites”, 
Halos, “Blue Jets”, dan “Gigantic Jets”.  Kejadian ini dikesan dengan menggunakan 
satu kamera monokrom dalam jejari 100 km dari UMP Pekan berserta ketinggian 
20 km agar kejadian tersebut dapat direkod dengan jelas dan ciri-cirinya dapat 
dianalisa secara kategori dengan video dan bingkai yang direkod.  Sprites adalah 
keruntuhan dielektrik dalam lingkungan ketinggian 20 km hingga 95 km dan sentiasa 
berlaku disebabkan oleh berlakunya kilat positif dari awan ke tanah (+CG).  Setiap 
proses penjejakan menetapkan kebarangkalian berlakunya TLEs di sekelilingi UMP 
Pekan.  Keputusan dihadkan dalam jejari 100 km dari kawasan UMP Pekan sahaja.  
Daripada kajian ini, transien cahaya susah dapat dikesan.  Numun begitu, satu jenis 
kilat baru dapat dijumpa.  Kilat baru adalah serupa dengan ciri-ciri Carrot Sprite 
selepas semua ciri-cirinya dibandingkan dengan Jabatan Meteorologi Malaysia 
(MMD).  Kesimpulanya, transien cahaya dapat dijumpa di sekelilingi UMP Kampus 
Pekan terutamanya Sprites. 
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 ABSTRACT 
Lightning is one of the phenomena that occur around the area above the atmosphere.  
Transient Luminous Events (TLEs) is a type of lightning events which take place 
above the flash of lightning in a thunderstorm cloud.  It is a very fast event that is 
hardly seen and happens in a very short period of time.  So, a high frame-rate 
capturing device is required to record it.  This project studies about the possibility of 
TLEs occurrences around Universiti Malaysia Pahang (UMP) Pekan campus area by 
selecting a simple and suitable device to detect the event.  There are various types of 
transient luminous such as Elves, Sprites, Halos, Blue Jets, and Gigantic Jets.  By 
setting a distance radius of 100 km from UMP Pekan with a minimum altitude height 
of 20 km, the event was traced using a monochrome camera.  This allowed the event 
to be clearly recorded and analysed, namely by the characteristic of categories 
captured with the video and frame.  Sprites are dielectric breakdown at an 
approximate altitude of 20 km to 95 km and are normally triggered by +CG lightning 
events.  Each of the tracking process results in the possibility of TLE occurrences in 
the atmosphere of UMP Pekan campus.  This result was limited to only a radius of 
100 km away from UMP Pekan campus.  The study revealed that, TLEs cannot be 
easily captured.  However, an unknown discharge lightning event was found.  The 
unknown event detected was possibly a Carrot Sprite upon comparing all the data 
obtained with those available in Malaysian Meteorological Department (MMD).  
Hence, TLEs can be observed around UMP Pekan campus, especially Sprites. 
 
v 
TABLE OF CONTENT 
DECLARATION 
TITLE PAGE  
ACKNOWLEDGEMENTS ii 
ABSTRAK iii 
ABSTRACT iv 
TABLE OF CONTENT v 
LIST OF TABLES viii 
LIST OF FIGURES ix 
LIST OF SYMBOLS xii 
LIST OF ABBREVIATIONS xiii 
 INTRODUCTION 1 CHAPTER 1
1.1 Introduction 1 
1.2 Background Study 1 
1.3 Problem Statement 3 
1.4 Objectives of the Study 5 
1.5 Project Scope 5 
1.6 Definition of Terms 5 
1.7 Outline of Thesis 6 
1.8 Summary 6 
 LITERATURE REVIEW 7 CHAPTER 2
2.1 Introduction 7 
2.2 Lightning Generation 8 
vi 
2.3 Return Stroke 8 
2.4 Types of Lightning 9 
2.4.1 Negative Cloud to Ground (-CG) Lightning 10 
2.4.2 Positive Cloud to Ground (+CG) Lightning 11 
2.5 Types of TLEs 12 
2.5.1 Sprites 13 
2.5.2 Halos 14 
2.5.3 Elves 15 
2.5.4 Gigantic Jets 16 
2.5.5 Blue Jets 17 
2.6 Camera 18 
2.6.1 Watec Ultimate 902H2 Specification 19 
2.7 Frames Rate 20 
2.8 Field of View (FOV) 20 
2.9 Summary 21 
 METHODOLOGY 22 CHAPTER 3
3.1 Introduction 22 
3.2 Data Collection 24 
3.2.1 Malaysian Meteorological Department (MMD) 24 
3.3 Image Capture 30 
3.3.1 Camera Lens 32 
3.3.2 Digital Video Recorder (DVR) 32 
3.3.3 Video Record Control Panel 34 
3.3.4 Frames Extraction 36 
3.3.5 Frames Rate Calculation 40 
vii 
3.3.6 Angle of View (AOV) Calculation 40 
3.3.7 Camera Setting Calculation (Degree) 41 
3.4 Summary 43 
 RESULTS AND DISCUSSION 44 CHAPTER 4
4.1 Introduction 44 
4.2 2015 Lightning Data Analysis from MMD 44 
4.2.1 Occurrence of +CG Lightning and –CG Lightning from MMD 45 
4.2.2 Monthly +CG Lightning Events 45 
4.3 Lightning Map Analysis for 2015 49 
4.3.1 Day and Night Lightning Map for 2015 50 
4.3.2 2015 Lightning Map Obtained from MMD Data 57 
4.4 Image Capture Analysis 59 
4.4.1 Unknown Discharge Lightning Event 59 
4.4.2 Unknown Discharge Lightning Event Data Analysis 62 
4.4.3 Unknown Discharge Lightning Calculation 63 
4.4.4 Horizon Distance 68 
4.5 Summary 70 
 CONCLUSION AND RECOMMENDATION 71 CHAPTER 5
5.1 Conclusion 71 
5.2 Recommendation 72 
REFERENCES 73 
APPENDIX A LIST OF PUBLICATION 79 
APPENDIX B TECHNICAL DATA SHEET 80 
 
viii 
LIST OF TABLES 
Table 3.1 Components used during the research. 31 
Table 3.2 Comparison of DVR. 34 
Table 3.3 Initial condition for FOV calculation. 40 
Table 3.4 Angle of view with different lenses. 40 
Table 3.5 Camera setting’s calculated result. 42 
Table 4.1 Percentage of +CG lightning and –CG lightning for the year 2015. 45 
Table 4.2 Percentage of +CG lightning for day time and night-time in Pekan 
for 2015. 48 
Table 4.3 Lightning event information. 62 
Table 4.4 Initial condition for image calculation. 63 
Table 4.5 Calculated horizontal and vertical size in cm. 66 
Table 4.6 Calculated size of the unknown discharge lightning. 68 
 
ix 
LIST OF FIGURES 
Figure 1.1 Different TLEs occur below ionosphere. 3 
Figure 2.1 (a) Upward-moving positively charged leaders; (b) Upward-
moving negatively charged leaders. 10 
Figure 2.2 (a) Inter-cloud lightning; (b) Intra-cloud lightning. 10 
Figure 2.3 Downward-moving negatively charged leaders. 11 
Figure 2.4 Downward-moving positively charged leaders. 12 
Figure 2.5 Global occurrence of most TLEs: (a) Sprite and Gigantic Jets, (b) 
Elves, (c) Halos. 13 
Figure 2.6 Different types of Sprites: (a) Carrot Sprits, (b) Column Sprite, (c) 
Jellyfish Sprite 14 
Figure 2.7 Halos associated with Sprites. 15 
Figure 2.8 Elves. 16 
Figure 2.9 Gigantic Jets. 17 
Figure 2.10 Blue Jets. 18 
Figure 2.11 Watec Ultimate 902H2 camera. 19 
Figure 3.1 Flow diagram of the research tasks. 23 
Figure 3.2 Process of data collection. 24 
Figure 3.3 Localisation with radius 100 km. 25 
Figure 3.4 Covered area within 100 km radius. 26 
Figure 3.5 Microsoft Excel sort function. 27 
Figure 3.6 Lightning map for 100 km radius. 27 
Figure 3.7 Origin Lab data booklet. 28 
Figure 3.8 Column properties. 29 
Figure 3.9 PolarXrYTheta type. 29 
Figure 3.10 A block diagram of image captured. 30 
Figure 3.11 (a) Camera setup panel; (b) Camera locate beside window. 31 
Figure 3.12 Explanation to capture a Sprite. 31 
Figure 3.13 Two different of lens: (a) Nikon lens 50 mm focal length with 
aperture f1.4; (b) Brinno Lens 24 mm – 70 mm focal length with 
aperture f 1.4. 32 
Figure 3.14 Three types of DVRs (a) HD USB 2.0 DVR; (b) Jovision (JVS 
C300Q DVR); (c) UU-DVR. 33 
Figure 3.15 Recording control panel. 35 
Figure 3.16 System setting. 35 
Figure 3.17 Video setting. 36 
x 
Figure 3.18 Channel 1 was enlarged by double-clicking the channel screen. 36 
Figure 3.19 Steps to invoke “Frame Extraction”. 38 
Figure 3.20 Format selection of image frames extracted. 38 
Figure 3.21 Method selection of image frames extracted. 39 
Figure 3.22 “Frame Extraction” setting and control panel. 39 
Figure 3.23 FOV coverage of Nikon lens. 41 
Figure 3.24 FOV coverage of Brinno lens. 41 
Figure 3.25 Camera condition. 41 
Figure 3.26 The setting of camera shooting upward at 11º. 42 
Figure 4.1 Number of +CG lightning for each month in 2015. 46 
Figure 4.2 Comparison of total lightning events and rainfall quantity in Pekan 
in Year 2015. 47 
Figure 4.3 Percentages of +CG lightning in the day and night times. 49 
Figure 4.4 Vastu directions. 49 
Figure 4.5 Day and night lightning map for January. 50 
Figure 4.6 Day and night lightning map for February. 51 
Figure 4.7 Day and night lightning map for March. 51 
Figure 4.8 Day and night lightning map for April. 52 
Figure 4.9 Day and night lightning map for May. 53 
Figure 4.10 Day and night lightning map for June. 53 
Figure 4.11 Day and night lightning map for July. 54 
Figure 4.12 Day and night lightning map for August. 54 
Figure 4.13 Day and night lightning map for September. 55 
Figure 4.14 Day and night lightning map for October. 56 
Figure 4.15 Day and night lightning map for November. 56 
Figure 4.16 Day and night lightning map for December. 57 
Figure 4.17 Daytime lightning map for 2015. 58 
Figure 4.18 Night-time lightning map for 2015. 59 
Figure 4.19 An unknown discharge activity event observed on 2
nd
 July 2015 at 
21:19 pm. 61 
Figure 4.20 Location of unknown discharge lightning event in the lightning 
map. 61 
Figure 4.21 Illustration of the camera setup. 64 
Figure 4.22 Camera sensor size. 64 
Figure 4.23 Actual object size displayed on the monitor screen with distance, 
d2 from camera. 65 
xi 
Figure 4.24 Demostrated location of the unknown discharge lightning. 67 
Figure 4.25 Demonstrated camera lens and the actual field. 67 
Figure 4.26 Actual view of the +CG lightning event from the PC monitor. 68 
Figure 4.27 Condition of the unknown discharge lightning on the horizon 
distance. 69 
 
xii 
LIST OF SYMBOLS 
α alpha 
β beta 
º degree 
% percentage 
- negative 
+ positive 
  
  
 
 
xiii 
LIST OF ABBREVIATIONS 
AOV Angle of view 
CG Cloud to Ground 
-CG Negative Cloud to Ground 
+CG Positive Cloud to Ground 
-GC Negative Ground to Cloud 
+GC Positive Ground to Cloud 
CC Cloud to Cloud 
cm centimeters 
CCD Charge-coupled device 
CCIR Committee Consultatif International Radiotelecommunique 
DSLR Digital single-lens reflex 
DVR Digital video recorder 
E-field Electromagnetic field 
EIA Electronics Industry Association 
ELF Extremely Low Frequency 
FKEE Faculty of Electrical and Electronics Engineering 
FOV Field of view 
fps Frame per second 
GEC Global Electric Circuit 
H-field Magnetic field 
IC Intra-cloud 
IR Infrared 
kA kilo amperes 
km kilometers 
LLTV Low-light level television 
m meters 
mm milimeters 
ms mili second 
MW Mega Watt 
MMD Malaysian Meteorological Department 
nm nanometers 
xiv 
PAL Phase Alternation by Line 
PC Personal Computer 
s seconds 
TLEs Transient Luminous Events 
UK United Kingdom 
UMP Universiti Malaysia Pahang 
73 
REFERENCES 
Arnone, E., Berg, P., Arnold, N.F., Christiansen, B., Thejll, P., 2008. An Estimate Of 
The Impact Of Transient Luminous Events On The Atmospheric Temperature. 
Adv. Geosci. 37–43. 
 
Bailey, M.A., 2010. Investigating Characteristics of Lightning-Induced Transient 
Luminous Events Over South America. Utah State University. 
 
Barrington-Leigh, C.P., Inan, U.S., Stanley, M., 2001. Identification of sprites and 
elves with intensified video and broadband array photometry. J. Geophys. Res. 
106, 1741. 
 
Barrington‐ Leigh, C.P., Inan, U.S., 1999. Elves triggered by positive and negative 
lightning discharges. Geophys. Res. Lett. 26, 683. 
 
Blaes, P.R., Marshall, R.A., Inan, U.S., 2014. Return Stroke Speed of Cloud-to-
Ground Lightning Estimated from Elve Hole Radii. Geophys. Res. Lett. 9182–
9187. 
 
Carey, L.D., Rutledge, S.A., Petersen, W.A., 2003. The Relationship between Severe 
Storm Reports and Cloud-to-Ground Lightning Polarity in the Contiguous 
United States from 1989 to 1998. Mon. Weather Rev. 131, 1211–1228. 
 
Chen, A.B., Kuo, C.L., Lee, Y.J., Su, H.T., Hsu, R.R., Chern, J.L., Frey, H.U., 
Mende, S.B., Takahashi, Y., Fukunishi, H., Chang, Y.S., Liu, T.Y., Lee, L.C., 
2008. Global distributions and occurrence rates of transient luminous events. J. 
Geophys. Res. Sp. Phys. 113, 1–8. 
 
Corsentino, M., 2013. Canon EOS 6D Digital Field Guide, Digital Field Guide. 
Wiley. 
 
Cummer, S. a., Jaugey, N., Li, J., Lyons, W. a., Nelson, T.E., Gerken, E. a., 2006. 
Submillisecond Imaging of Sprite Development and Structure. Geophys. Res. 
Lett. 33, L04104. 
 
Dan Robinson, 1995. How Cloud-to-Ground Lightning Works. 
 
David Neumeyer (Ed.), 2014. The Oxford Handbook of Film Music Studies. Oxford 
University Press USA, New York. 
 
Diffen, 2013. NTSC vs PAL - Difference and Comparison | Diffen. URL 
http://www.diffen.com/difference/NTSC_vs_PAL (accessed 5.9.16). 
 
74 
E. M. Wescott, Sentman, D.D., M. J. Heavner, D. L. Hampton, 1998. Observations of 
“Columniform” Sprites. J. Atmos. Solar-Terrestrial Phys. 733–740. 
 
E.M. Wescott, D.D. Sentman, H.C. Stenbaek-Nielsen, P. Huet, Heavner, M.J. and 
D.R.M., 2001. New Evidence For The Brightness And Ionization Of Blue 
Starters And Blue Jets. J. Geophys. Res. 106, 549–554. 
 
Ebert, U., 2012. Thunderstroms As Electron Accelerators And The Discharge Zoo 
Above The Clouds. escampig2012.ist.utl.pt 10–11. 
 
Ernest McCollough, 1893. Industry: A Monthly Magazine Devoted to Science, 
Engineering and Mechanic Arts. 
 
Franz, R.C., Nemzek, R.J., Winckler, J.R., 1990. Television Image of a Large Upward 
Electrical Discharge Above a Thunderstorm System, Science (New York, N.Y.). 
New York. 
 
Fukunishi, H., Takahashi, Y., Kubota, M., Sakanoi, K., Inan, U.S., Lyons, W. a., 
1996. Elves: Lightning‐ induced transient luminous events in the lower 
ionosphere. Geophys. Res. Lett. 23, 2157. 
 
Galstian, T. V, 2013. Smart Mini-Cameras. Taylor & Francis. 
 
Haldoupis, C., Amvrosiadi, N., Cotts, B.R.T., van der Velde, O. a, Chanrion, O., 
Neubert, T., 2010. More evidence for a one-to-one correlation between Sprites 
and Early VLF perturbations. J. Geophys. Res. Phys. 115, n/a. 
 
Jing, Y., GuiLi, F., 2014. A Gigantic Jet Event over a Summer Storm in China, in: 
2014 International Conference on Lightning Protection (ICLP). pp. 1138–1140. 
 
Kim, H., Jung, J., Paik, J., 2016. Fisheye Lens Camera Based Surveillance System for 
Wide Field of View Monitoring. Opt. - Int. J. Light Electron Opt. 127, 5636–
5646. 
 
Kozak, L. V, Odzimek, A., Volvach,  a E., Ivchenko, V.M., Kozak, P.M., Lapchuk, 
V.P., 2014. Observation and Analysis of Transient Luminous Events in the 
Earth’s Atmosphere, in: 2014 24nd Int. Crimean Conference “Microwave & 
Telecommunication Technology” (CriMiCo’2014). Russia, pp. 1087–1088. 
 
Krehbiel, P.R., Riousset, J. a., Pasko, V.P., Thomas, R.J., Rison, W., Stanley, M. a., 
Edens, H.E., 2008. Upward Electrical Discharges From Thunderstorms. Nat. 
Geosci. 1, 233–237. 
 
 
75 
Lang, T.J., Lyons, W. a., Rutledge, S. a., Meyer, J.D., MacGorman, D.R., Cummer, S. 
a., 2010. Transient Luminous Events above Two Mesoscale Convective Systems: 
Storm Structure and Evolution. J. Geophys. Res. 115, A00E22. 
 
Luque, A., Ebert, U., 2010. Lightning above the clouds. Europhys. News 41, 19–22. 
 
Lyons, W. a., Nelson, T.E., Armstrong, R. a., Pasko, V.P., Stanley, M. a., 2003a. 
Upward Electrical Discharges from Thunderstorm Tops. Bull. Am. Meteorol. 
Soc. 84, 445–454. 
 
Lyons, W. a., Nelson, T.E., Williams, E.R., Cummer, S. a., Stanley, M. a., 2003b. 
Characteristics Of Sprite-Producing Positive Cloud-To-Ground Lightning During 
The 19 July 2000 STEPS Mesoscale Convective Systems. Mon. Weather Rev. 
131, 2417–2427. 
 
M. Hayakawa, Y. Hobara, T. Suzuki, 2012. Lightning Effect in the Mesosphere and 
Ionosphere, in: Cooray, V. (Ed.), Lightning Electromagneics. Institution of 
Engineering and Technology, London, pp. 611–646. 
 
Martin A. Uman, 2008. The Art and Science of Lightning Protect. Cambridge 
University Press. 
 
Martin A. Uman, 1972. Everything You Always Wanted To Know About Lightning 
But Were Afraid To Ask. Saturday Rev. 36–41. 
 
Mende, S.B., Rairden, R.L., Swenson, G.R., Lyons, W.A., 1995. Sprite spectra; N 2 1 
PG band identification. Geophys. Res. Lett. 22, 2633–2636. 
 
National Lightning Safety Institute (NLSI), 1988. World Lightning Avtivity [WWW 
Document]. URL http://www.lightningsafety.com/nlsi_info/world-lightning-
activity.html (accessed 10.5.14). 
Newsome, R.T., Inan, U.S., 2010. Free-running ground-based photometric array 
imaging of transient luminous events. J. Geophys. Res. 115, A00E41. 
 
Pasko, V.P., 2010. Recent Advances In Theory Of Transient Luminous Events. J. 
Geophys. Res. 115, A00E35. 
 
Pasko, V.P., Inan, U.S., Bell, T.F., 1996. Sprites as Luminous Columns of Ionization 
Produced by Quasi‐ electrostatic Thundercloud Fields. Geophys. Res. Lett. 23, 
649–652. 
 
Pasko, V.P., Stanley, M.A., Mathews, J.D., Inan, U.S., Wood, T.G., 2002. Electrical 
Discharge From A Thundercloud Top To The Lower Ionosphere. Nature 416, 
152–154. 
 
76 
Pasko, V.P., Yair, Y., Kuo, C.-L., 2012. Lightning Related Transient Luminous 
Events at High Altitude in the Earth’s Atmosphere: Phenomenology, 
Mechanisms and Effects, Space Science Reviews. 
 
Passas, M., Madiedo, J.M., Gordillo-Vázquez, F.J., 2016. High Resolution 
Spectroscopy of an Orionid Meteor from 700 to 800 nm. Icarus 266, 134–141. 
 
Passas, M., Sánchez, J., Luque, A., Gordillo-vázquez, F.J., 2014. Transient Upper 
Atmospheric Plasmas : Sprites and Halos. IEEE Trans. Plasma Sci. 1–2. 
 
Pawar, S.D., Kamra, A.K., 2004. Evolution of Lightning and the Possible 
Initiation/Triggering of Lightning Discharges by the Lower Positive Charge 
Center in an Isolated Thundercloud in the Tropics. J. Geophys. Res. 109, 1–12. 
 
Pettegrew, B.P., Market, P.S., Holle, R.L., Demetriades, N.W.S., 2003. Analysis of 
cloud and cloud-to-ground lightning in winter precipitation. 
 
Pillman, B., 2010. Camera Exposure Determination Based on a Psychometric Quality 
Model, in: 2010 IEEE Workshop On Signal Processing Systems. IEEE, pp. 339–
344. 
 
Rakov, V.A., 2007. Lightning Return Stroke Speed. J. Light. Res. 1, 80–89. 
 
Rakov, V.A., Uman, M.A., 2003. Lightning: Physics and Effects. Cambridge 
University Press. 
 
Robert Hirsch, 2012. Light and Lens: Photography in the Age, 2nd ed. Focal Press. 
 
Rocha, R.M.L., Diniz, J.H., Carvalho,  a M., Filho,  a C., 1999. Cloud-to-ground 
lightning in southeastern Brazil in 1993. 
 
Sentman, D.D., Wescott, E.M., Osborne, D.L., Hampton, D.L., Heavner, M.J., 1995a. 
Preliminary results from the Sprites94 Aircraft Campaign: 1. Red sprites. 
Geophys. Res. Lett. 22, 1205–1208. 
 
Sentman, D.D., Wescott, E.M., Osborne, D.L., Hampton, D.L., Heavner, M.J., 1995b. 
Preliminary Results from the Sprites94 Aircraft Campaign: 2. Blue Jets. 
Geophys. Res. Lett. 22, 1205–1208. 
 
Singh, R., K. Maurya, A., Veenadhari, B., R., S., Gokani, S.A., Cohen, M.B., 
Chanrion, O., Neubert, T., 2014. First observations of transient luminous events 
in Indian sub-continent. Curr. Sci. 107, 1107–1108. 
 
 
77 
Soula, S., Iacovella, F., van der Velde, O., Montanyà, J., Füllekrug, M., Farges, T., 
Bór, J., Georgis, J.-F., NaitAmor, S., Martin, J.-M., 2014. Multi-instrumental 
Analysis of Large Sprite Events and Their Producing Storm in Southern France. 
Atmos. Res. 135–136, 415–431. 
 
Soula, S., van der Velde, O., Montanya, J., 2012. Optical Observations and 
Conditions of Production of Transient Luminous Events (Sprites, Elves, Gigantic 
Jets), in: 1st TEA - IS Summer School. Spain. 
 
Soula, S., van der Velde, O., Montanyà, J., Neubert, T., Chanrion, O., Ganot, M., 
2009. Analysis Of Thunderstorm And Lightning Activity Associated With 
Sprites Observed During The EuroSprite Campaigns: Two Case Studies. Atmos. 
Res. 91, 514–528. 
 
Su, H.T., Hsu, R.R., Chen,  a B., Wang, Y.C., Hsiao, W.S., Lai, W.C., Lee, L.C., 
Sato, M., Fukunishi, H., 2003. Gigantic Jets Between A Thundercloud And The 
Ionosphere. Nature 423, 974–976. 
 
Suzuki, T., Hayakawa, M., Hobara, Y., Kusunoki, K., 2011. Summer Thunderstorm 
Associated With Cluster Of Blue Jets And Starters In Japan. Nssl.Noaa.Gov 15–
20. 
 
Uman, M.A., 1994. Natural Lightning. IEEE Trasactions Ind. Appl. 30, 785–790. 
 
van der Velde, O., 2008. EuroSprite: Winter Sprites and Elves Over the Bay of 
Biscay. EuroSprites. 
 
Wescott, E.M., Sentman, D.D., Heavner, M.J., Hampton, D.L., Osborne, D.L., 
Vaughan, O.H., 1996. Blue Starters: Brief Upward Discharges From An Intense 
Arkansas Thunderstorm. Geophys. Res. Lett. 23, 2153–2156. 
 
Wescott, E.M., Sentman, D.D., Heavner, M.J., Hampton, D.L., Vaughan, O.H., 1998. 
Blue Jets: Their Relationship To Lightning And Very Large Hailfall, And Their 
Physical Mechanisms For Their Production. J. Atmos. Solar-Terrestrial Phys. 60, 
713–724. 
 
Williams, E.R., 1987. The Electrification of Thunderstorms. Sci. Am. 259, 88–99. 
 
Wood, L., 2004. NTSC, PAL, and SECAM Overview, in: Video Demystified. A 
Handbook for the Digital Engineer (Demystifying Technology). Germany, pp. 
247–373. 
 
Yair, Y., Price, C., Israelevich, P., Devir, A., Ziv, B., 2004. New Observations of 
Transient Luminous Events from the Space Shuttle during the MEIDEX. 
EMC’04/Sendai 4E2-1, 917–920. 
78 
Yair, Y., Rubanenko, L., Mezuman, K., Elhalel, G., Pariente, M., Glickman-Pariente, 
M., Ziv, B., Takahashi, Y., Inoue, T., 2013. New Color Images Of Transient 
Luminous Events From Dedicated Observations On The International Space 
Station. J. Atmos. Solar-Terrestrial Phys. 102, 140–147. 
 
Yaniv, R., Yair, Y., Price, C., Bór, J., Sato, M., Hobara, Y., Cummer, S., Li, J., Devir, 
A., 2014. Ground-based observations of the relations between lightning charge-
moment-change and the physical and optical properties of column sprites. J. 
Atmos. Solar-Terrestrial Phys. 107, 60–67. 
 
Zawiah, W., Zin, W., Deni, S.M., Jemain, A.A., 2010. Trends in Peninsular Malaysia 
Rainfall Data During the Southwest Monsoon and Northeast Monsoon Seasons: 
1975-2004. Sains Malaysiana 39, 533–542. 
 
